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1
TIME DOMAIN ELECTROMAGNETIC
INTERFERENCE MONITORING METHOD
AND SYSTEM

RELATED APPLICATIONS

This application is a 35 U.S.C. 371 national stage filing of
International Application No. PCT/IB2009/054089, filed
Sep. 18, 2009, which claims priority to South Africa Patent
Application No. 2009/01659 filed on Mar. 9, 2009 in South
Africa. The contents of the aforementioned applications are
hereby incorporated by reference.

BACKGROUND OF THE INVENTION

THIS invention relates to a method of and a system for
monitoring electromagnetic interference.

Electromagnetic Interference (EMI) signals are emitted by
most high voltage (HV) apparatus or equipment. These sig-
nals or emissions usually cover a wide bandwidth and are
determined by, amongst other things, operating voltage,
apparatus design and geometry, insulation class and condi-
tion. Additionally, depending on the method of acquisition,
the associated spectra of these signals may be polluted by
components from extraneous sources. Specifically, generator
EMI spectra cover a bandwidth from very low frequencies up
to about 1 GHz. The most important component of this band
is from approximately 150 kHz to 250 MHz. The signals in
this bandwidth typically approach true randomness and the
discrepancy between peak (PK) and quasi-peak (QP) values
can be as much as about 10 dB.

EMI spectra are captured by way of frequency domain
acquisition equipment for example spectrum analysers or
EMI test receivers (also known as RF receivers or frequency
selective voltmeters). These types of devices are relatively
expensive and proper representation of wideband chaotic
EMI signals requires the implementation of very long scan
times when using these frequency domain acquisition
devices. The high cost of these devices and the long scan
times required conspire against the practicality of widely
deploying on-line real-time monitoring systems based on
these acquisition options.

Another, alternate approach, is to capture a number of time
domain representations of the electromagnetic emission and
then in post processing, compile these time domain captures
into a long pulse train that is statistically representative of the
original emission. Generally, this statistically representative
pulse train is then processed via a short-time discrete Fourier
transform (STFT) to produce a spectrogram which is statis-
tically representative of the original EMI emission. In par-
ticular, the STFT is a series of fast Fourier transforms (FFT),
where the input to each FFT is a subset of the overall pulse
train, much shorter in length than the entire pulse train. Suc-
cessive FFTs process incrementally shifted subsets of the
entire pulse train. The output is a set of FFT’s, each represent-
ing the spectrum of the EMI emission at a different point in
time. Such a set of FFTs is called a spectrogram. The FFTs of
the spectrogram can be combined with one another to pro-
duce an output equivalent to an EMI receiver. The methodol-
ogy of combination depends on the choice of detector (peak,
quasipeak, etc.). Such systems are usually termed Time-Do-
main EMI (TDEMI) systems.

It is an object of the present invention to monitor EMI
signals more conveniently and more cost effectively analys-
ing time domain signals.
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2
SUMMARY OF THE INVENTION

According to a first aspect of the invention, there is pro-
vided a method of monitoring electromagnetic interference,
the method comprising:

capturing and/or generating a plurality of time domain

waveforms, and a plurality of scatter plots

storing the plurality of captured or generated time domain

waveforms and scatter plots;

applying a fast fourier transform (FFT) to each of the stored

time domain waveforms as it is received thereby to pro-
duce FFT outputs;

storing the FFT outputs in a database;

generating a statistically representative spectrograph or

spectrogram in the frequency domain based on at least
the stored FFT outputs and scatter plots or data associ-
ated with the scatter plots,

combining constituent FFTs of the statistically representa-

tive spectrograph or spectrogram in such a manner as to
emulate a result that would be produced by an EMI
(Electromagnetic Interference) receiver or spectrum
analyser; and

combining resultant outputs from a number of iterations of

this process to produce an EMI spectrum that is statisti-
cally equivalent to the actual EMI spectrum associated
with the signal source under examination.

The EMI spectrum produced may advantageously be sub-
stantially similar to an EMI spectrum that would be produced
with an EMI receiver.

Each iteration may use time domain captures achieved with
different configurations of capturing hardware. This may
advantageously allow a final result covering a wider band-
width of frequencies than would otherwise be achievable.

The method may comprise storing the respective spec-
trograph or spectrogram in the database and/or presenting the
spectrograph or spectrogram visually typically to a user.

Each processed time domain capture may comprise at least
one pulse and a corresponding time offset value associated
therewith.

The method may comprise:

determining a peak amplitude of the received pulse;

using the received time offset value and the determined

peak amplitude to allow the time domain capture to be
referenced to a particular location on the scatter plot
with an appropriate time stamp; and

determining or calculating from this location on the scatter

plot, intensity values thereby at least to determine a
likely repetition rate of pulses similar to the received
pulse.

The method may comprise using the determined repetition
rate when generating the spectrogram or spectrograph
thereby to represent the number of times a pulse is repeated.

The method may comprise:

determining from each scatter plot, a total pulse count;

passing, at each frequency point under consideration, the

corresponding value from each FFT in the spectrogram,
in a sequence determined by a sequencing array, to a
cascaded first-order infinite impulse response (IIR) filter
at suitable timing determined by the determined total
pulse count;

combining outputs of the IIR filter to produce a final quasi-

peak spectrum;

passing, at each frequency point under consideration, the

corresponding value from each FFT in the spectrogram
to a peak detector algorithm; and

combining outputs of the peak detector algorithm to pro-

duce a final peak spectrum.
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The method may comprise repeating the method for each
of the three electrical phases of the equipment under test.

According to a second aspect of the invention, there is
provided a system of monitoring electromagnetic interfer-
ence, the system comprising:

a waveform capture module arranged to capture and/or

generate a plurality of time domain waveforms,
a scatter plot generation module arranged to generate a
plurality of scatter plots;
a data receiver module arranged to receive the plurality of
captured and/or generated time domain waveforms and
scatter plots;
a fast fourier transform (FFT) module arranged to apply
fast fourier transform (FFT) analysis to each of the
received time domain waveforms as it is received and
produce FFT outputs;
a database arranged to store the FFT outputs therein;
a spectrograph generating module arranged to generate a
statistically representative spectrograph or spectrogram
in the frequency domain based on at least the stored FFT
outputs and analysis of scatter plots, and
a processor arranged to:
combine constituent FFTs of the statistically represen-
tative spectrograph or spectrogram in such a manner
as to emulate a result that would be produced by an
EMI (Electromagnetic Interference) receiver or spec-
trum analyser; and

combine resultant outputs from a number of iterations of
this process to produce an EMI spectrum that is sub-
stantially statistically equivalent to an actual EMI
spectrum associated with a signal source under
examination.

The system may comprise a peak (PK) and quasi peak (QP)
detector module arranged to apply PK and QP algorithms to
the spectrogram outputs respectively so as to produce a fre-
quency domain output result which is statistically represen-
tative of the signal source under examination.

The system may comprise an amplitude correction module
arranged to operate on at least outputs from the FF'T module
to remove effects of equivalent noise.

The system may comprise infinite impulse response (IIR)
filter/s arranged to model the behavior of an analogue quasi-
peak detection circuit of a conventional EMI receiver’s
charge, discharge and meter constants.

The waveform capture module may be configured to pro-
duce and/or generate more than one different sets of time
domain captures, each with different, configuration settings.

The amplitude correction module may be arranged to apply
a reverse filter amplitude correction to correct for low fre-
quency attenuation associated with captured time domain
waveforms.

The PK detector module may be arranged to determine
peak amplitude of the received pulse.

The processor may be arranged to:

use a received time offset value and the determined peak
amplitude of the received pulse to allow the time domain
capture to be referenced to a particular location on the
scatter plot with an appropriate time stamp; and

determine from this location on the scatter plot, intensity
values thereby at least to determine a likely repetition
rate of pulses similar to the received pulse.

The spectrograph generating module may be arranged to
use the determined repetition rate when generating the spec-
trogram or spectrograph thereby representing the number of
times a pulse is repeated.
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The processor may be arranged to:

determine, from each scatter plot, a total pulse count;

pass, at each frequency point under consideration, the cor-
responding value from each FFT in the spectrogram, in
a sequence determined by a sequencing array, to the
infinite impulse response (IIR) filter at a suitable timing
determined by the determined total pulse count;

combine outputs of the IIR filter to produce a final quasi-
peak spectrum;

pass, at each frequency point under consideration, the cor-
responding value from each FFT in the spectrogram to
the PK detector module; and

combine outputs of the PK detector module to produce a
final peak spectrum.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic diagram of a system in accor-
dance with an example embodiment;

FIG. 2 shows a high level flow diagram of a method in
accordance with an example embodiment;

FIG. 3 shows a low level flow diagram of a method in
accordance with an example embodiment; and

FIG. 4 shows a flow diagram of a step in the flow diagram
of FIG. 3 in greater detail.

DESCRIPTION OF PREFERRED
EMBODIMENTS

In the following description, for purposes of explanation,
numerous specific details are set forth in order to provide a
thorough understanding of an example embodiment of the
present disclosure. It will be evident, however, to one skilled
in the art that the present disclosure may be practiced without
these specific details.

Referring now to FIG. 1 of the drawings where a system for
monitoring electromagnetic interference (EMI) emitted by
equipment in accordance with an example embodiment is
generally indicated by reference numeral 10.

The system 10 typically comprises a plurality of compo-
nents or modules which correspond to the functional tasks to
be performed by the system 10. In this regard, “module” in the
context of the specification will be understood to include an
identifiable portion of code, computational or executable
instructions, data, or computational object to achieve a par-
ticular function, operation, processing, or procedure. It fol-
lows that a module need not be implemented in software; a
module may be implemented in software, hardware, or a
combination of software and hardware. Further, the modules
need not necessarily be consolidated into one device but may
be spread across a plurality of devices.

The system 10 includes a waveform capture module 6,
which captures the time domain signals. In a preferred
example embodiment, the time domain captures within one
file is generally referred to as a fileset. The waveform capture
module 6 may conveniently be arranged to capture and/or
generate time domain waveforms. These time domain wave-
forms may be associated with the time domain signals or
signal source under examination.

The system 10 includes a scatter plot generation module 8
arranged to generate at least one scatter plot. Preferably, the
scatter plot generation module 8 generates a plurality of scat-
ter plots. It will be noted that each scatter plot is a graphical
display of time domain results collected and superimposed
over a period of time. Only local peaks are displayed, not full
conventional time domain captures. The scatter plots are
three-dimensional. A horizontal axis of the scatter plot rep-
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resents a certain time period and a vertical axis represents
signal amplitude. An image intensity axis represents counts of
similar events. Typically, a scatter plot consists of a number of
dots, representing amplitude peaks of time domain wave-
forms. The colour of each dot represents the number of such
occurrences. The scatter plot provides good indication of the
frequency of occurrence of each type of time domain event.

The system 10 includes a data receiver module 12 commu-
nicatively coupled to the waveform capture module 6 and
scatter plot generation module 8, and arranged to receive at
least a plurality of captured time domain signals and scatter
plots from the waveform capture module 6 and scatter plot
generation module 8 respectively.

The system 10 includes a Fast Fourier Transform (FFT)
module 14 arranged to apply a FFT to each of the received
time domain signals to obtain a FFT output in the form of
frequency domain spectra.

The system 10 includes a database 16 communicatively
coupled to the FFT module 14 arranged at least to store the
FFT outputs therein. The system 10 also includes a spectro-
gram generating module 18 arranged to generate a statisti-
cally representative spectrograph or spectrogram in the fre-
quency domain based on at least the FF'T outputs stored in the
database. The database 16 is also arranged to store the spec-
trograms therein. The generated scatter plots may also be
stored in the database 16.

The system 10 also includes a user interface 20. The user
interface 20 typically includes a GUI (Graphical User Inter-
face) displayable on a screen of a personal computer, laptop,
PDA (Personal Digital Assistance), or the like. By way of the
GUI, a user is able to view the generated spectrograms for
example, or any other relevant data stored in the database 16.

It will be noted that each file or time domain capture pro-
duced by the waveform capture module 6 and received by the
data receiver module 12 typically contains a plurality of
pulses, plus information indicating the time delays between
the start of the mains waveform period and the start of the
pulses, or in other words time offset values. The system 10
analyses these received pulses to determine their peak ampli-
tude by way of a peak amplitude determining module 22.

The system 10 is arranged to use the received offset values
and the determined peak amplitude values to allow the time
domain captures to be referenced to a particular location on
the scatter plot with an appropriate time stamp. In particular,
the system 10 uses the abovementioned data to allow the
pulses to be referenced to the vertical and horizontal time axes
of the scatter plots with an appropriate time stamp.

From the particular location of the scatter plot, the system
10 is arranged to determine intensity values thereby at least to
determine a likely repetition rate of pulses similar to the
received pulse. Due to uncertainties in the true offset and peak
amplitude values, some tolerance must be allowed when ref-
erencing the time-domain capture to a location on the scatter
plot.

The spectrogram generating module is arranged to use the
determined repetition rate to construct or generate the spec-
trogram.

In an example embodiment, the database 16 is arranged to
store the FF'T outputs or the set of frequency domain spectra
ina FFT array. Typically, a limited number of FFT outputs are
required by the system 10. The FFT array is therefore
arranged to hold the most recent required number of spectra in
a first-in-first out arrangement. Indices of these spectra are
then inserted into a sequencing array which defines the sta-
tistically representative spectrogram.

The system 10 conveniently comprises a processor 17
arranged to combine constituent FFTs of the statistically rep-
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6

resentative spectrograph or spectrogram in such a manner as
to emulate the result that would be produced by an EMI
receiver or spectrum analyser.

The processor 17 may also be arranged to combine result-
ant outputs from a number of iterations of this process to
produce a final result.

The sequencing array typically has more entries than the
number of FFT outputs under consideration. In an example
embodiment, the index of each FFT output is inserted into the
sequencing array several times. It will be noted that the num-
ber of times each entry to the sequencing array is duplicated
and the separation between repeat entries is determined from
the effective repetition rate determined from the scatter plot
for each capture as previously described.

The system 10 includes a peak (PK) and quasi peak (QP)
detector module 24 arranged to apply PK and QP algorithms
to the spectrogram outputs. This is required to produce a
frequency domain output result which is statistically repre-
sentative of the signal source under examination, and there-
fore acceptably similar to the results that would be achieved
with an EMI receiver. In an example embodiment, the
sequence in which the FFT outputs are passed to the PK and
QP detector module 24 is determined for example by the
sequencing array.

It will be noted that the FFT array and sequencing arrays
are updated with each new group of waveforms received by
the data receiver module 12 or captured waveform capture
module 6.

The PK and QP detector module 24 is arranged to analyse
the spectrogram one frequency at a time. At each frequency
point under consideration, it will be appreciated that the
maximum value indicated at that frequency by any of the
FFTs in the spectrogram is the output result from the PK and
QP detector module 24 for peak detection at that frequency.

The PK and QP detector module 24 is further arranged to
determine a quasi-peak detection result also by analysing the
spectrogram one frequency at a time. At each frequency point
under consideration, the values contributed by the spectro-
gram are passed through a cascaded implementation of first-
order infinite impulse response (IIR) filters 26. The IIR filters
26 are arranged to model the behaviour of the analogue qua-
sipeak detection circuit of a conventional EMI receiver’s
charge, discharge and meter constants. The filtering process is
repeated at each frequency using appropriate contributions
from the spectrogram, and timing information as will be
discussed below. In other embodiments, proper weighting of
the IIR results or factors requires knowledge of the time
interval between each FFT in the spectrogram. In the present
example embodiment, a novel approach to determining a
statistically representative timing interval is adopted as fol-
lows. Firstly, a total pulse count is determined from each
scatter plot. Secondly, knowledge of the total ‘live’ time of the
scatter plot allows a suitable inter-pulse timing interval to be
determined for use in the IIRs. In a preferred embodiment,
knowledge of the live time is determined empirically for the
scatter plot generation module 8. The live time is determined
by, among other things, software configuration and perfor-
mance of the capturing hardware.

This is typically recomputed for each scatter plot and each
spectrogram is processed with the latest available values.

The outputs from the IIR filter 26 are combined by the
system 10 to produce a final quasi-peak spectrum.

The system 10 also includes an amplitude correction mod-
ule 28 arranged to operate on at least outputs from the FFT
module 14. In an example embodiment, the amplitude cor-
rection module 28 is arranged to remove at least the effects of
equivalent noise bandwidth (ENBW) associated with discrete
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frequency spectra. The module 28 adjusts each discrete fre-
quency spectrum (i.e. FFT) to remove the effect of the ENBW
associated with the hardware of the waveform capture mod-
ule 6 used to capture the time domain waveform.

The amplitude correction module 28 imposes, on the FFT
output, anew ENBW equivalent to that of a conventional EMI
receiver’s intermediate frequency (IF) filter, in order to emu-
late the behaviour of the conventional EMI receiver. It will be
noted that different IF bandwidths are used at different fre-
quencies.

In an example embodiment, the data receiver module 12
receives data from time-domain captures from the waveform
capture module 6. It follows that the frequency resolution of
the FFT outputs is limited by parameters of the waveform
capture module 6. In general, the performance is compro-
mised by such issues as the finite memory depth of available
time domain capture hardware, selecting hardware configu-
ration parameters to avoid aliasing, and ENBW figures
dependent on these settings.

In the example embodiment, a novel solution to obtaining
adequate frequency resolution and dynamic range across the
entire required bandwidth has been implemented.

In this novel solution, the waveform capture module 6 is
configured to produce more than one different set of time
domain captures, each with different, configuration settings.
The data receiver module is therefore necessarily configured
to receive a plurality of sets of time domain captures, with
different carefully selected capture configuration settings.
The different sets of captures each produce results containing
portions of optimum resolution in different frequency bands.

In this regard, each scatter plot produced by the scatter plot
generation module 8 has associated with it one or more
groups of time domain captures obtained with varying con-
figuration settings. It follows that the system 10 is arranged to
process all the groups of time domain captures. In light of
previous explanation, all groups are receivable by the PK and
QP detector module 24 for processing as hereinbefore
described. The system 10 is then arranged to combine the
groups to produce output spectra covering the entire design
frequency range as hereinbefore described.

The amplitude correction module 28 is further arranged to
apply a reverse filter amplitude correction to correct for the
low frequency attenuation that occurs due to the interaction
between the waveform capture module 6 and the transducers
from which the time domain signals are acquired by the
external system.

Example embodiments will now be further described inuse
with reference to FIGS. 2 to 4. The example methods illus-
trated by way of flow diagrams in FIGS. 2 to 4 are described
with reference to FIG. 1, although it is to be appreciated that
the example methods may be applicable to other systems (not
illustrated) as well.

Referring to FIG. 2 of the drawings where a flow diagram
of' a method in accordance with an example embodiment is
generally indicated by reference numeral 30.

The method 30 includes capturing and/or receiving, at
block 32, a plurality of captured time domain waveforms, and
a plurality of scatter plots. The captured timed domain wave-
forms are captured (or generated) by waveform capture mod-
ule 6 and received by way of the data receiver module 12 in
the form of file/files as hereinbefore described.

The method 30 may comprise generating and/or storing the
plurality of time domain waveforms and scatter plots.

The method 30 then includes applying, at block 34, a FFT
by way of the FFT module 14 to each of the received time
domain waveforms as it is received thereby to receive FFT
outputs in the form of frequency domain spectra.
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Ina preferred embodiment, the method 30 includes storing,
at block 36, the FFT outputs in the database 16. The outputs
are typically stored in the FFT array as hereinbefore
described.

The method 30 further includes generating, at block 38 by
way of the spectrogram generating module 18, a statistically
representative spectrograph or spectrogram in the frequency
domain based on at least the stored FFT outputs. The spec-
trogram generating module 18 will therefore be understood to
control the generation and population of the sequencing array
as hereinbefore described thereby to generate the spectro-
gram.

The method 30 optionally includes storing, at block 40, the
generated respective spectrogram in the database 16. Instead,
or in addition, the method 30 includes presenting the gener-
ated spectrogram to a user via the user interface 20.

The method 30 may preferably include combining (not
shown) constituent FFTs of the statistically representative
spectrograph or spectrogram in such a manner as to emulate
the result that would be produced by an EMI receiver or
spectrum analyser.

The method 30 may further preferably include combining
(not shown) resultant outputs from a number of iterations of
this process to produce a final result. This final result is
advantageously an EMI spectrum that is substantially statis-
tically equivalent to the actual EMI spectrum that would be
produced with an EMI receiver.

Referring now to FIGS. 3 and 4 of the drawings, where
another flow diagram of a method in accordance with an
example embodiment is generally indicated by reference
numeral 50 (FIG. 3). The method 50 includes determining, at
block 52, a list of available filesets of time domain captures.
It follows that this may be done by the system 10 from the files
produced by the waveform capture module 6 and received by
the data receiver module 12.

The method 50 includes reading, at block 54, a next fileset
of time domain captures.

The method 50 includes receiving and reading, at block 56,
corresponding scatter plots produced by the scatter plot gen-
eration module 8 and received by the data receiver module 12.

The method 50 then includes processing, at block 58, each
fileset of captured time domain signals. In this regard, it will
be noted that flow diagram 70 (FIG. 4) corresponds to the
processing step 58. In other words the method steps for pro-
cessing each fileset is illustrated in FIG. 4.

In particular the method 70 of processing each fileset
includes determining, at block 72, the timing offset and peak
amplitude of each capture by way of the peak amplitude
determining module 22 as hereinbefore described.

The method 70 includes evaluating, at block 74, the
received scatter plots to determine the number of pulses rep-
resented by the scatter plot within its known live-time. This is
used to determine the timing interval between the successive
FFTs listed in the sequencing array as hereinbefore described.

The method 70 includes checking, at block 76, each time
domain capture for clipping. The method 70 also includes
applying or performing, also at block 76, a FFT on the time
domain captures as hereinbefore described.

The method 70 includes correcting, at block 78, each FFT
output for the ENBW associated with the waveform capture
module 6, by way of the amplitude correction module 28 as
hereinbefore described. It will be noted that each FFT output
is corrected for the ENBW ofthe hardware used to capture the
time domain waveform.

The method 70 further includes applying, at block 80, an
ENBW correction to each FFT output by way of the ampli-
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tude correction module 28 to conveniently and advanta-
geously simulate or emulate an EMI receiver as hereinbefore
described.

The method 70 also includes locating, at block 82, each
time domain capture on the relevant scatter plot and estimat-
ing its occurrence or repetition rate as hereinbefore described.

The method 70 includes storing, at block 84, at least each
new FFT output, its offset, and peak values into the database
16.

The method 70 includes determining or calculating, at
block 86, the new IIR factors as hereinbefore described.

The method 70 finally includes determining, at block 88,
how many instances of each FFT output must be introduced
into the sequencing array which defines the spectrogram as
hereinbefore described.

Turning back to the method 50 of FIG. 3 where the method
50 further includes passing, at block 60, the spectrogram and
IIR factors to the PK and QP detector module 24 for process-
ing as hereinbefore described.

The method 50 then includes combining, at block 62,
results from processing one or more groups of captures (each
obtained with different configurations of waveform capture
module 6) into one set of output spectra as hereinbefore
described.

It will be noted that the method 50 also includes applying,
at block 64, the reverse correction for the signal acquisition
transducer characteristic by way of the amplitude correction
module 28 as hereinbefore described.

The method 50 finally includes checking, at block 66, if the
list of available time domain captures has changed, and if it
has then the method 50 proceeds to step 54 for the next set of
captures.

If the list of available time domain captures has not
changed, the system 10 waits idle until the waveform capture
module 6 and scatter plot generation module 8 have acquired
new data.

It will be appreciated that the above described methods are
applied for each of phase to be displayed, for example red,
white, blue phases.

The invention as hereinbefore described provides a conve-
nient, cost effective way of capturing and monitoring EMI
spectra. The invention is configured to allow the real-time
monitoring of EMI spectra, based on continually updated
time domain captures. It can also be used to recreate the
results in post-processing. The invention includes a unique
method of estimating a statistically representative repetition
rate of each ofthe time domain pulses captured. The invention
includes a method of combining resultant spectra derived
from different sets of time domain captures, where the difter-
ent sets were obtained with different capture parameters. This
allows a final result covering a wider frequency range than
would otherwise be possible.

The invention claimed is:
1. A method of monitoring electromagnetic interference in
equipment under test, the method comprising:

capturing and/or generating a plurality of time domain
waveforms from the equipment under test, and a plural-
ity of scatter plots;

storing the plurality of captured and/or generated time
domain waveforms and scatter plots;

applying a fast fourier transform (FFT) to each of the stored
time domain waveforms as it is received thereby to pro-
duce FFT outputs;

storing the FFT outputs in a database;
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generating a statistically representative spectrograph or
spectrogram in the frequency domain based on at least
the stored FFT outputs and scatter plots or data associ-
ated with the scatter plots,

combining constituent FFTs of the statistically representa-
tive spectrograph or spectrogram in such a manner as to
emulate a spectrum that is produced by an EMI (Flec-
tromagnetic Interference) receiver or spectrum ana-
lyzer;

combining resultant outputs from a number of iterations of
this process to produce an EMI spectrum that is substan-
tially statistically equivalent to an actual EMI spectrum
associated with a signal source under examination,

determining from each scatter plot, a total pulse count;

passing, at each frequency point under consideration, the
corresponding value from each FFT in the spectrogram,
in a sequence determined by a sequencing array, to a
cascaded first-order infinite impulse response (IIR) filter
at suitable timing determined by the determined total
pulse count;

combining outputs of the IIR filter to produce a final quasi-
peak spectrum;

passing, at each frequency point under consideration, the
corresponding value from each FFT in the spectrogram
to a peak detector algorithm; and

combining outputs of the peak detector algorithm to pro-
duce a final peak spectrum,

wherein the substantially statistically equivalent EMI
spectrum and the final peak spectrum provide a conve-
nient and a cost effective way to monitor EMI signals.

2. The method as claimed in claim 1, wherein each iteration
uses time domain captures achieved with different configu-
rations of capturing hardware.

3. The method as claimed in claim 1, the method compris-
ing storing the respective spectrograph or spectrogram in the
database and/or presenting the spectrograph or spectrogram
to a user.

4. The method as claimed in claim 1, wherein each pro-
cessed time domain capture comprises at least one pulse and
a corresponding time offset value associated therewith.

5. The method as claimed in claim 4, the method compris-
ing:

determining a peak amplitude of the received pulse;

using the received time offset value and the determined
peak amplitude to allow the time domain capture to be
referenced to a particular location on the scatter plot
with a most appropriate time stamp; and

determining or calculating from this location on the scatter
plot, intensity values thereby at least to determine a
likely repetition rate of pulses similar to the received
pulse.

6. The method as claimed in claim 5, the method compris-
ing using the determined repetition rate when generating the
spectrogram or spectrograph thereby to represent the number
of times a pulse is repeated.

7. The method as claimed in claim 1, further comprising
repeating the method for each of the three electrical phases of
the equipment under test.

8. A system of monitoring electromagnetic interference in
equipment under test, the system comprising:

a waveform capture module arranged to capture and/or
generate a plurality of time domain waveforms from the
equipment under test,

a scatter plot generation module arranged to generate a
plurality of scatter plots;
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a data receiver module arranged to receive the plurality of
captured and/or generated time domain waveforms and
scatter plots;
a fast fourier transform (FFT) module arranged to apply
fast fourier transform (FFT) analysis to each of the
received time domain waveforms as it is received, and
produce FFT outputs;
a database arranged to store the FFT outputs therein;
a spectrograph generating module arranged to generate a
statistically representative spectrograph or spectrogram
in the frequency domain based on at least the stored FFT
outputs and analysis of scatter plots, and
a processor arranged to:
combine constituent FFTs of the statistically represen-
tative spectrograph or spectrogram in such a manner
as to emulate a spectrum that would be produced by an
EMI (Electromagnetic Interference) receiver or spec-
trum analyser;

combine resultant outputs from a number of iterations of
this process to produce an EMI spectrum that is sub-
stantially statistically equivalent to an actual EMI
spectrum associated with a signal source under
examination,

arrange one or more infinite impulse response (IIR) fil-
ters to model a behavior of an analogue quasipeak
detection circuit of a conventional EMI receiver’s
charge, discharge, and meter constants;

determine, from each scatter plot, a total pulse count;

pass, at each frequency point under consideration, the
corresponding value from each FFT in the spectro-
gram, in a sequence determined by a sequencing
array, to the infinite impulse response (IIR) filter at a
suitable timing determined by the determined total
pulse count;

combine outputs of the IIR filter to produce a final quasi-
peak spectrum; pass, at each frequency point under
consideration, the corresponding value from each
FFT in the spectrogram to the peak (PK) detector
module; and

combine outputs of the PK detector module to produce a
final peak spectrum,
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wherein the substantially statistically equivalent EMI
spectrum and the final peak spectrum provide a con-
venient and a cost effective way to monitor EMI sig-
nals.
9. The system as claimed in claim 8, the system comprising
apeak (PK) and quasi peak (QP) detector module arranged to
apply PK and QP algorithms to the spectrogram outputs
respectively so as to produce a frequency domain output
result which is statistically representative of the signal source
under examination.
10. The system as claimed in claim 9, wherein the PK
detector module is arranged to determine peak amplitude of
the received pulse.
11. The system as claimed in claim 10, wherein the pro-
cessor is arranged to:
use a received time offset value and the determined peak
amplitude of the received pulse to allow the time domain
capture to be referenced to a particular location on the
scatter plot with an appropriate time stamp; and

determine from this location on the scatter plot, intensity
values thereby at least to determine a likely repetition
rate of pulses similar to the received pulse.

12. The system as claimed in claim 11, wherein the spec-
trograph generating module is arranged to use the determined
repetition rate when generating the spectrogram or spec-
trograph thereby representing the number of times a pulse is
repeated.

13. The system as claimed in claim 8, the system compris-
ing an amplitude correction module arranged to operate on at
least outputs from the FFT module to remove effects of
equivalent noise.

14. The system as claimed in claim 13, wherein the ampli-
tude correction module is arranged to apply a reverse filter
amplitude correction to correct for low frequency attenuation
associated with captured time domain waveforms.

15. The system as claimed in claim 8, wherein the wave-
form capture module is configured to produce more than one
different sets of time domain captures, each with different,
configuration settings.
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